LONG-TERM GOALS
In the Indian Ocean, on annual time scales, there is a considerable exchange of salt and freshwater transports from Bay of Bengal (BoB) to the Arabian Sea (AS) and vice versa, and the paths of the high/low salinity waters are still speculative only. An important view of the pathways is the advection of low salinity waters from the BoB to the Southeastern Arabian Sea via the coastal Kelvin waves. The goal of this project is (i) to determine the propagation in the variability of coastally trapped Kelvin waves in the northern Indian Ocean, to establish pathways of fresh and salt water transports through the BoB to the AS, and to understand the impact of salinity on tropical cyclogenesis in the BoB; (ii) Pathways of fresh and salt water transport are investigated in the BoB and throughout the Indian Ocean.
OBJECTIVES
• Observe coastal Kelvin wave propagation across the equatorial Indian Ocean and along the perimeter of the Bay of Bengal
• Examine possible pathways of fresh and salt transports in the Bay of Bengal and Arabian Sea.
APPROACH
Understanding the coastal Kelvin wave propagation and the associated coastal circulation in the BoB is important because of its effect on energy propagation and mass transport around the basin. Also, coastal Kelvin waves in the BoB generate westward-propagating Rossby waves that also transport mass and energy. Both Kelvin waves and Rossby waves impact surface circulation and currents throughout the Indian Ocean. In this project we looked at observations using satellite altimetry (Topex/Poseidon and Jason-1&2) data, model simulations of HYbrid Coordinate Ocean Model (HYCOM), Simple Ocean Data Assimilation (SODA) reanalysis, and Aquarius salinity. In this study we will used the global HYbrid Coordinate Ocean Model (HYCOM) with a horizontal resolution of 1/12° (~7 km at mid-latitudes) and 32 hybrid layers in the vertical. 
WORK COMPLETED

RESULTS
(1) Seasonal variability of salt transport during the Indian Ocean monsoons
The seasonal variability of salt transport in the Indian Ocean is investigated using the high 1/12° global HYbrid Coordinate Ocean Model (HYCOM). Mechanisms and physical parameters that control the salinity budget are examined. Results show the influence of freshwater forcing and zonal advection as the dominant mechanisms of Sea Surface Salinity (SSS) variability. Precipitation is highest in the eastern Bay of Bengal (BoB) where it shows seasonal variation and in the south equatorial eastern Indian Ocean (EIO) where it was consistently high year round. These patterns result in significant seasonal variation in the SSS in the BoB and almost no variation in the EIO (Figure 1 ). Zonal SSS transport was higher than meridional SSS transport with the strongest seasonality observed along the Sri Lankan region. Results of depth integrated transport shows northward salt transport in the bottom layers and a southward salt transport in the surface layers. The 4-year mean net flux of depthintegrated salt transport was southward (-154.8×10 6 kg/s to -552.4×10 6 kg/s) at all latitudes except at 20°N (Figure 2) where it was northward (396×10 6 kg/s). Transport generally increases southward with the highest transports occurring in the south (10°S-35°S) and a maximum at 30°S (Figure 3 ). Analyses of meridional Ekman volume and salt transport show a predominantly southward transport, an indication of the strong influence of SW monsoonal winds. It is anticipated that this study will be useful in computing salt transport using satellite derived salinity data from the European Space Agency (ESA) Soil Moisture and Ocean Salinity (SMOS) and NASA Aquarius salinity missions. 
(2) Altimetric observations and HYCOM Model simulations of coastal Kelvin waves in the Bay of Bengal
In this paper, Kelvin waves are observed as they propagate annually throughout the BoB (Figures 4  and 5 ). The variability in the propagation of the upwelling coastal Kelvin waves during the winter monsoon (January-March) and summer monsoon (July-September) and the downwelling coastal Kelvin waves during the summer monsoon transition (April-June) and winter monsoon transition (October-December) are investigated and compared throughout the time series measured, using altimetry data, Hybrid Coordinate Ocean Model (HYCOM) simulations and Simple Ocean Data Assimilation (SODA) reanalysis. At 0°N, 77°E, zonal velocity anomalies (U, Figure 6a ) range from -0.16 m/s to +0.16 m/s. The westward (negative) zonal velocity in January, boreal winter season, is a manifestation of the first upwelling Kelvin wave, followed by the first downwelling (eastward, positive zonal velocity) in April/May, the second upwelling Kelvin wave in August-September. The second downwelling Kelvin wave first appears at the thermocline during September-October and then progresses towards the surface by November-December and is stronger than the first downwelling Kelvin wave. This higher strength in the second downwelling Kelvin wave has an impact on its persistent propagation from the equatorial Indian Ocean to the west coast of India, as has been noticed in the previous paragraphs.
Similarly, the alongshore current velocity anomalies at 2°N, 94°E (off northern Sumatra, Figure 6b ) also shows the first and second downwelling Kelvin waves associated with the northward (positive) alongshore velocity anomaly during April-May and October-December at thermocline depths. The alongshore southward velocity associated with the first and second upwelling Kelvin waves is weaker and limited to shallow layer only. Thus, the alongshore velocity off the northern Sumatra has a close relation to the extent of the progressive propagation of the Kelvin waves around the coastal periphery of the Bay of Bengal. These coastal Kelvin waves have a propagating horizontal speed of ~2.5 m/s and a vertical speed of ~1.2 m/day. 
IMPACT/APPLICATIONS
For Naval applications, understanding the stratification in the Bay of Bengal and in the Indian Ocean is relevant in the area of anti-submarine warfare. Salinity and temperature variations impact the spatial density field and the depth of the mixed layer, and the formation of the barrier layer. The barrier layer is defined as the extent of water column from the depth of mixed layer to the depth of the isothermal layer. The dynamics associated with the barrier layer formation are important for acoustic performance and its predictions. The regions like the Bay of Bengal where freshwater occupies the top layer, the sound velocity profile will change and there will be acoustic losses. Internal waves can be generated due to the strong salinity stratification and the associated strong density stratification, and barrier layer formation occurs. Also, this investigation falls within ONR's quest to understand "environmental evolution, assimilation of data, and the limits of predictability by planning, fostering and encouraging scientific inquiry and technological development in the fields ranging from littoral geosciences to high latitude dynamics."
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